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Objective: We studied time trends in acute myocardial infarction (AMI) incidence, including out-of-hospital
mortality proportions and hospitalized case-fatality rates. In addition, we compared AMI trends by age, gen-
der and socioeconomic status.
Methods:We linked the national Dutch hospital discharge register with the cause of death register to identify
ﬁrst AMI in patients ≥35 years between 1998 and 2007. Events were categorized in three groups: 178,322
hospitalized non-fatal, 43,210 hospitalized fatal within 28 days, and 75,520 out-of-hospital fatal AMI events.
Time trends were analyzed using Joinpoint and Poisson regression.
Results: Since 1998, age-standardized AMI incidence rates decreased from 620 to 380 per 100,000 in 2007 in
men and from 323 to 210 per 100,000 in 2007 in women. Out-of-hospital mortality decreased from 24.3% of
AMI in 1998 to 20.6% in 2007 in men and from 33.0% to 28.9% in women. Hospitalized case-fatality declined
from 2003 onwards. The annual percentage change in incidence was larger in men than women (−4.9% vs.
−4.2%, Pb0.001). Furthermore, the decline in AMI incidence was smaller in young (35–54 years:−3.8%) and
very old (≥85 years: −2.6%) men and women compared to middle-aged individuals (55–84 years: −5.3%,
Pb0.001). Smaller declines in AMI rates were observed in deprived socioeconomic quintiles Q5 and Q4 rela-
tive to the most afﬂuent quintile Q1 (P=0.002 and P=0.015).
Conclusions: Substantial improvements were observed in incidence, out-of-hospital mortality and short-term
case-fatality after AMI in the Netherlands. Young and female groups tend to fall behind, and socioeconomic in-
equalities in AMI incidence persisted and have not narrowed.© 2012 Elsevier Ireland Ltd. All rights reserved.1. Introduction
In recent decades, coronary heart disease (CHD) mortality has
markedly decreased in Western societies [1]. This is generally attrib-
uted to reductions in CHD incidence, as a consequence of improve-
ments in modiﬁable cardiovascular risk factors, and to reductions in
short-term case-fatality rates mainly reﬂecting increased uptake of
evidence-based treatments [2,3]. Since the start of this millennium,
there have been concerns mainly instigated by studies in the USA
[4] and UK [5], of a slowing trend in the decline in CHD mortality fol-
lowing substantial increases in obesity and diabetes prevalence.
Where most studies focused on CHD mortality, only few studiest Facts and Figures.
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tjes).
Ltd. All rights reserved.have quantiﬁed population trends in CHD incidence [6]. Moreover,
less is known about the underlying pattern of change over time in in-
cidence and case-fatality rates. Acute myocardial infarction (AMI) is
the major contributor to CHD incidence. Substantial reductions have
been reported in AMI incidence and short-term outcomes after AMI
[7,8]. Yet, most previous studies describing AMI trends restricted
their analyses to hospitalized patients, focused on selected subgroups
of the population, or could not distinguish between recurrent and
ﬁrst AMI events [3,9–11]. Conﬁnement to these subgroups of inci-
dence results in an incomplete picture of reported trends in AMI.
Of public health concern is that previous studies reported that
despite large falls in AMI rates considerable differences continue to
exist: the decline in incidence may not have happened equally in
men and women, the young and the elderly and across socioeconom-
ic groups. Falls in AMI incidence have been reported to be greater in
men than women [7,8,12]. Furthermore, in young adults ﬂattening
of the decline and even increases in AMI incidence have been ob-
served [11,13]. Socioeconomic status (SES) is an established risk
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strongly associated with SES. Incidence rates may have declined
more strongly in more afﬂuent socioeconomic groups compared
to deprived groups, as observed in Scotland [14], especially since
advantaged groups might derive greater beneﬁt from interventions
to reduce CHD than deprived groups [15].
The record linkage system between national hospital, death and
population registers in the Netherlands enables investigation of
trends in AMI incidence representative for the Dutch population. We
therefore aimed to (1) quantify time trends in AMI incidence, includ-
ing out-of-hospital mortality proportions and short-term case-fatality
rates and (2) compare AMI trends over time by age, gender and SES to
identify any health inequalities.2. Methods
The registries and linkage procedures used in this study have been described in de-
tail previously [16]. We linked data between registers using the record identiﬁcation
number assigned to each resident in the Netherlands with a unique combination of
birth date, gender and postal code (84% of Dutch population). Records from the
Dutch hospital discharge register and cause of death register were linked to identify
persons aged 35 years and over with a ﬁrst AMI between 1998 and 2007, using the In-
ternational Classiﬁcation of Diseases (ICD) 9th revision code 410 and ICD 10th revision
code I21, respectively. Primary and secondary discharge diagnoses and primary and
secondary causes of death were used in order to better determine the location of
AMI (hospitalized or out-of-hospital) for persons coded with AMI as primary cause
of death while coded as secondary discharge diagnosis. To distinguish a ﬁrst AMI
from a reinfarction, ﬁrst AMI was deﬁned in a standardized manner using a time
frame of three years during which a person with an AMI had not been admitted for
AMI previously. We categorized ﬁrst AMI attacks in three mutually exclusive groups:
(1) hospitalized non-fatal, (2) hospitalized fatal and (3) out-of-hospital fatal AMI
events. The ﬁrst category of incidence consisted of hospitalized AMI patients alive
28 days after admission. For the second category, we estimated case-fatalities among
hospitalized patients, deﬁned as all-cause mortality within 28 days after the AMI ad-
mission. Patients dying in a hospital from a ﬁrst AMI with a primary and/or secondary
discharge diagnosis different from AMI were also counted in this hospitalized fatal AMI
category. Out-of-hospital fatal AMI was deﬁned as a death due to AMI of a person who
did not reach a hospital ward alive.
Socioeconomic status (SES) was deﬁned based on an area-level SES indicator by
four-digit postal code, constructed by the Netherlands Institute for Social Research
(SCP) in 2002–2006 [17]. In short, SES-scores for a total of 3965 postal codes were cal-
culated by SCP. The mean number of inhabitants was 4126 per four-digit postal code in
2007. The SES-scores were based on a principal component analysis of the following
items: (1) mean annual income per household, (2) percentage of households
with low income, (3) percentage of households with low education and (4) per-
centage of unemployed inhabitants. Rank numbers of SES-scores per postal code
were used to make socioeconomic quintiles in the Netherlands, taking into account
the number of inhabitants per postal code in 2007. SES was estimated standardized
over time, based on the postal code of residence at January 1st from the year of in-
cidence, obtained by linking with the population registry. Linkage of individual data
between registers was performed in accordance with the privacy legislation in the
Netherlands.2.1. Data analyses
Patient characteristics were described by means and standard deviation (SD) and
compared by independent t-tests. Analyses were conducted separately for men and
women. Incidence rates for the three categories were calculated with the population
≥35 years as denominator. A direct method for age-standardization was used on the
basis of the age distribution of the 2007 Dutch population with 10-year age-groups.
We assessed the trends in AMI by incidence category using Joinpoint Poisson regres-
sion models (Joinpoint Regression Program, National Cancer Institute, Bethesda, MD,
version 3.4). This technique provides estimates of annual percentage change (APC) in
trends with corresponding 95% conﬁdence interval (CI) and detects points in time
where signiﬁcant changes in trends occurred. The APC can be interpreted as the
year-on-year change for each successive calendar year. A maximum number of two
joinpoints was allowed for estimation. A Bayesian information criterion method was
used to determine the simplest model, with the smallest number of joinpoints, that
best ﬁtted the data. The test for parallelism was used to test whether the pattern of
change over time differed between pairwise comparisons of the three incidence cate-
gories. A secondary analysis was performed for comparison, using Poisson regression,
to analyze the APC by age, gender and SES. Interaction terms of age, gender and SES
with year were added to test for differences in time trends between groups. The
secondary analyses were performed using SPSS version 14.0. P-values less than 0.05
were considered signiﬁcant.3. Results
Between 1998 and 2007, 297,052 ﬁrst AMI events occurred
(37.4% in women). Mean age of patients increased from 70.3
(SD 13.0) years in 1998 to 70.8 (SD 13.6) years in 2007 (Pb0.001).
Patients with a non-fatal manifestation as ﬁrst AMI were on average
nine years younger at incidence than patients suffering from a fatal
AMI in hospital or outside (66.3 (SD 12.7) vs. 75.2 (SD 11.9) years,
Pb0.001). Overall, 75,520 (25.4%) patients died in out-of-hospital
circumstances. Of those hospitalized, 43,210 (19.5%) died within
28 days.3.1. Population trends
Since 1998, the age-standardized rate of AMI incidence declined
from 620 to 380 per 100,000 in 2007 in men and from 323 to 210
per 100,000 in 2007 in women (Table 1). The largest declines were
observed from 2003 onwards as shown by Joinpoint regression anal-
yses (Table 2). This change in trend in 2003 was detected in particular
in hospitalized AMI rates. Out-of-hospital mortality decreased over
time from 24.3% of AMI in 1998 to 20.6% in 2007 in men and from
33.0% to 28.9% in women (Table 1). Fig. 1 presents the patterns and
degree of decline in the three AMI incidence categories. From 2003,
the rate of change was larger in hospitalized fatal AMI compared to
hospitalized non-fatal AMI (test for parallelism P=0.002). Between
1998 and 2003, hospitalized 28-day case-fatality rates apparently
remained stable around 17% in men and 24% in women. Subsequent-
ly, hospitalized case-fatality rates declined to 15.0% in men and to
19.9% in women in 2007. The combined proportion of AMI incidence
that ended up fatally within 28 days, both hospitalized and
out-of-hospital, decreased from 37.4% in 1998 to 32.5% in 2007 in
men and from 49.3% to 43.1% in women.3.2. Health inequalities in AMI trends
The annual percentage change (APC) in incidence was larger
in men than women, with a corresponding APC of −4.9% (95%
CI: −5.0 to −4.7%) in men and −4.2% (95% CI: −4.4 to −4.0%) in
women over the studied period (Table 3). Decreases in AMI inci-
dence were smaller in young (35–54 years: −3.8%) and very old
(≥85 years:−2.6%) men and women compared to middle-aged in-
dividuals (55–84 years: −5.3%, Pb0.001). AMI incidence decreased
in all socioeconomic quintiles between 1998 and 2007 as exempli-
ﬁed in Fig. 2. However, decreases were smaller in deprived socioeco-
nomic quintiles Q5 and Q4 relative to the most afﬂuent quintile
Q1 (P=0.002 and P=0.015, Table 3). Adjustment for differences
in age and gender across socioeconomic quintiles did not signiﬁcant-
ly change the magnitude of the socioeconomic gap. Fig. 3 reveals
slightly divergent age-standardized trends between socioeconomic
inequalities over time in men and women.4. Discussion
This detailed analysis of recent trends in 297,052 ﬁrst AMI events
demonstrates a substantial decline in incidence between 1998 and
2007 in the Netherlands. The absolute rate of fatal AMI events occur-
ring in out-of-hospital circumstances decreased steadily between
1998 and 2007. The decline in rates of hospitalized AMI (both fatal
and non-fatal) were smaller in the ﬁrst part of the study period
(1998–2003) compared to the second part (2003–2008). The magni-
tude of the decline in incidence was smaller in women, the young and
the elderly. Moreover, socioeconomic inequalities persisted across
the study period.
Table 1
Trends in age-standardized acute myocardial infarction (AMI) rates per 100,000 population in men and women aged 35 years and over in the Netherlands between 1998 and 2007.
Year Hospitalized non-fatal casesa Hospitalized fatal casesb Out-of-hospital fatal casesc Total AMI Combined
case-fatality
proportion
of total (%)a,b
Number
of events
AMI
rate
Number
of events
AMI rate
(% of hospitalized)
Number
of events
AMI rate
(% of total)
Number
of events
AMI
rate
Male
1998 13,106 388 2793 81 (17.3) 5158 151 (24.3) 21,057 620 37.4
1999 12,724 370 2719 77 (17.3) 4934 141 (24.0) 20,377 588 37.1
2000 12,582 359 2688 75 (17.3) 4813 135 (23.7) 20,083 569 36.9
2001 12,402 348 2636 72 (17.2) 4409 122 (22.4) 19,447 542 35.8
2002 12,601 346 2703 73 (17.4) 4086 110 (20.8) 19,390 529 34.6
2003 12,316 332 2617 69 (17.2) 4156 110 (21.6) 19,089 511 35.1
2004 11,814 313 2486 64 (17.0) 3677 96 (20.2) 17,977 472 33.8
2005 11,233 291 2285 58 (16.5) 3663 93 (21.1) 17,181 442 34.1
2006 10,527 269 1976 49 (15.3) 3516 87 (21.5) 16,019 404 33.6
2007 10,246 257 1897 45 (15.0) 3248 78 (20.6) 15,391 380 32.5
Female
1998 6301 164 2074 53 (24.3) 4166 107 (33.0) 12,541 323 49.3
1999 6045 155 2005 50 (24.5) 3968 100 (32.7) 12,018 305 49.1
2000 5975 152 1992 49 (24.6) 3848 95 (32.2) 11,815 296 48.8
2001 6096 153 1951 48 (23.9) 3657 90 (30.9) 11,704 290 47.4
2002 6320 156 2030 49 (23.9) 3454 84 (29.0) 11,804 289 45.9
2003 6142 150 2032 49 (24.5) 3290 79 (28.4) 11,464 278 46.0
2004 5936 143 1810 43 (23.1) 3056 73 (28.1) 10,802 259 44.7
2005 5621 134 1737 41 (23.3) 2856 67 (27.7) 10,214 241 44.5
2006 5169 121 1457 33 (21.6) 2859 66 (29.7) 9485 220 44.9
2007 5166 120 1322 30 (19.9) 2706 61 (28.9) 9194 210 43.1
a Includes all AMI hospital admissions alive 28 days after the admission date.
b Includes all fatal AMIs that occurred during hospitalization or within 28 days after the AMI admission date.
c Includes all AMI case fatalities that occurred before reaching a hospital or in the emergency room.
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The decline that we found in out-of-hospital and hospitalized AMI
incidence rates was consistent with data from recent international
studies. Nationwide or population-based studies in Sweden [18], Nor-
way [7], Western Australia [6] and Northern California [3] that
overlapped our study period observed similarly modest declines or
stabilizing trends in hospitalized AMI rates and declines of greater
magnitude in out-of-hospital fatal AMI rates compared to hospital-
ized AMI. Both hospitalized case-fatality and out-of-hospital mortali-
ty decreased over time, as reported in other studies [18,19].
Hospitalized case-fatality rates declined in the second part of the
study period, from 2003 onwards. No previous studies speciﬁcally
reported changes in case-fatality around this year. Danish [20], British
[21] and Italian [22] studies have found decreases in hospitalized
case-fatality rates between 1998 and 2003, where hospitalized
case-fatality remained about stable in this period in the present
study as well as in studies from Scotland [23] and US [24]. The magni-
tude of health inequalities differs by country. Some previous studies
reported large gender differences in the rate of decline in AMITable 2
Joinpoint analysis of acute myocardial infarction (AMI) incidence rates in Dutch men and w
Incidence category 1st trend 2n
Year APC (95% CI) Ye
Male
Hospitalized non-fatal AMI ratea 1998–2003 −2.8 (−3.8, −1.8) 20
Hospitalized fatal AMI rateb 1998–2003 −2.6 (−4.4, −0.8) 20
Out-of-hospital fatal AMI ratec 1998–2007 −6.9 (−7.5, −6.3)
Total AMI rate 1998–2003 −3.7 (−4.4, −3.1) 20
Female
Hospitalized non-fatal AMI ratea 1998–2003 −1.1 (−3.4, 1.1) 20
Hospitalized fatal AMI rateb 1998–2003 −1.1 (−3.5, 1.4) 20
Out-of-hospital fatal AMI ratec 1998–2007 −6.1 (−6.5, −5.8)
Total AMI rate 1998–2000 −4.0 (−11.6, 4.2) 20
APC annual percentage change. CI conﬁdence interval.
a Includes all AMI hospital admissions alive 28 days after the admission date.
b Includes all fatal AMIs that occurred during hospitalization or within 28 days after the
c Includes all AMI case fatalities that occurred before reaching a hospital or in the emergincidence, for example in Norway [7], Sweden [8] and Finland [12].
The difference in the rate of decline between men and women
appeared relatively small in the Netherlands, and very similar to re-
sults from a recent study from the UK [25]. Furthermore, previous
studies observed widening relative socioeconomic inequalities in
CHD mortality, for example in the UK and Australia [26]. Information
on socioeconomic trends in CHD incidence is however very limited.
One study from Finland showed no substantial changes in socioeco-
nomic inequalities between 1988 and 2002 [27].
Where absolute incidence rates have the population as denomina-
tor, case-fatality rates are expressed in relative terms. Hospitalized
case-fatality was deﬁned as the proportion of hospitalized AMI that
ended up fatally within 28 days. Out-of-hospital mortality was de-
ﬁned as the proportion of all AMI that ended up fatally before
reaching hospital admission. An important difference between most
previous studies and the present study is the study population of
the hospitalized fatal AMI category. In the general population a sub-
stantial part of hospitalized fatal ﬁrst AMI occurs in patients already
residing in a hospital for other reasons than AMI. This group
accounted for 11,520 of 43,210 (27%) case-fatalities that occurredomen aged 35 years and over, 1998–2007.
d trend 3rd trend
ar APC (95% CI) Year APC (95% CI)
03–2007 −6.4 (−7.8, −5.0)
03–2007 −10.4 (−12.7, −8.1)
03–2007 −7.1 (−8.0, −6.2)
03–2007 −6.0 (−8.9, −2.9)
03–2007 −11.1 (−14.2, −7.9)
00–2003 −2.0 (−9.7, 6.5) 2003–2007 −7.1 (−9.5, −4.6)
AMI admission date.
ency room.
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Fig. 1. Percentage decrease in age-standardized acute myocardial infarction (AMI) inci-
dence rates relative to incidence rates in 1998 in men and women aged 35 years and
over in the Netherlands between 1998 and 2007. Hospitalized non-fatal AMI = AMI hos-
pital admissions alive 28 days after the admission date; Hospitalized fatal AMI = all fatal
AMIs that occurred during hospitalization or within 28 days after the AMI admission
date; Out-of-hospital fatal AMI = died due to AMI before reaching a hospital or in the
emergency room.
Table 3
Inequalities in acute myocardial infarction (AMI) incidence rates in Dutch men and
women aged 35 years and over, 1998–2007.
APC (95% CI) Relative change
1998–2007 (%)
P-value*
Total a −4.7 (−4.8, −4.6) −35.0
Gender b
Male −4.9 (−5.0, −4.7) −36.7 –
Female −4.2 (−4.4, −4.0) −32.3 b0.001
Age group, years c
35–54 −3.8 (−4.1, −3.5) −29.5 b0.001
55–84 −5.3 (−5.4, −5.2) −38.7 –
≥85 −2.6 (−2.9, −2.2) −21.0 b0.001
Socioeconomic quintile d
Q1 — most afﬂuent −5.0 (−5.3, −4.7) −37.2 –
Q2 −4.7 (−5.0, −4.4) −35.3 0.15
Q3 −5.2 (−5.4, −4.9) −38.3 0.37
Q4 −4.5 (−4.7, −4.2) −34.0 0.015
Q5 — most deprived −4.4 (−4.6, −4.1) −33.2 0.002
APC annual percentage change. CI conﬁdence interval. –, referent category. *, P-values
from interaction term of year with gender, age-group or socioeconomic status (SES).
a Poisson model A: year, gender, age, SES.
b Poisson model B: year, gender, age, SES, year∗gender.
c Poisson model C: year, gender, age, SES, year∗age.
d Poisson model D: year, gender, age, SES, year∗SES.
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Fig. 2. Socioeconomic trends in acute myocardial infarction (AMI) incidence. Total
age-standardized AMI incidence rates in men and women aged 35 years and over in
the Netherlands between 1998 and 2007 by socioeconomic quintile.
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representing an older and sicker population. Previous studies on
trends in hospitalized case-fatality after AMI often included only pa-
tients surviving long enough to obtain a deﬁnite diagnosis of AMI
and to proﬁt from the increasing use of evidence-based therapies
like early thrombolytic treatment and primary percutaneous coro-
nary intervention (PCI). Hospitalized case-fatality from AMI is there-
fore about twice as high in the general population as reported in
those hospital-based studies [10,28].
4.2. Potential underlying mechanisms of trends
AMI incidence forms the most relevant indicator for the effect of
primary prevention in reducing CHD. Different underlying mecha-
nisms may be responsible for the decline in AMI incidence rates.
First, there is evidence for favorable trends in smoking and cholester-
ol levels in the Netherlands, however, trends in blood pressure are
unclear [29]. In contrast, as in many other countries, the prevalence
of obesity and diabetes continues to increase [30,31]. Younger people
in particular show less favorable trends in cardiovascular risk factors.
Second, more subjects at high risk for AMI started the use of preven-
tive medication such as lipid-lowering and anti-hypertensive agents
[32,33], leading to lower event rates of AMI. Third, changes in deﬁni-
tion and diagnosis of AMI could have inﬂuenced the fall in AMI
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Fig. 3. The socioeconomic gap in acute myocardial infarction (AMI) incidence between
1998 and 2007. Age-standardized socioeconomic trends in AMI incidence rates in men
and women aged 35 years and over in the Netherlands. Socioeconomic quintile Q5 is
most deprived. Total incidence rates are referent.
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markers such as troponin may in particular account for the apparent
slowing in the decline between 2000 and 2003, as more sensitive as-
says may lead to the detection of AMIs that would otherwise have
remained undetected or formerly classiﬁed as unstable angina.
With respect to case-fatality, the introduction of troponin testing
might have led to an increase in smaller AMI with a better prognosis.
Remarkably, hospitalized case-fatality remained stable in the period
between 1998 and 2003, while troponin testing was gradually
implemented in clinical practice. This is in linewith studies suggesting
that the increased use of troponin testing has only a weak and
non-signiﬁcant effect on 28-day case-fatality rates after hospitaliza-
tion for AMI [34]. Furthermore, awareness for early symptoms of
AMI may have increased in the general population and is another
possible reason for earlier diagnosis and decreased severity of AMI at
presentation, and hence lower risk of death. Although uncertain, im-
provements in acute phase treatment and secondary prevention
could be a plausible explanation for the decline in case-fatality after
hospitalization from 2003 onwards, following the increased imple-
mentation of PCI [10]. PCI has been reported to be more effective
than thrombolytic treatment and medical treatments in reducing
short-term case-fatality after AMI [22], and has been increasingly
used from 2001 in the Netherlands.
Limited data is available on trends in emergency transport times
for the Netherlands. Nonetheless, survival of out-of-hospital cardiac
arrest increased in the Netherlands between 1996 and 2006 from
9% to 17% of cases, mainly due to increased use of automated external
deﬁbrillators (AED) [35]. Although AMI is different from cardiac ar-
rest, it can be the cause of a cardiac arrest. Increased initial survival
after AMI in out-of-hospital circumstances might have resulted in a
small shift from out-of-hospital incidence towards hospitalized AMI
over time.
In view of declining absolute incidence rates, health inequalities
are becoming an increasingly important public health problem. Theburden of CHD incidence may shift from middle-aged men to a
broader part of the population, affecting relatively more women,
young and elderly. Declining incidence at middle-age could mean
that the ﬁrst manifestation of AMI in individuals is pushed towards
older age, resulting in smaller declines in the elderly. The slower de-
cline in young people is worrisome, as they will represent the next
generation of AMI patients. Further research explaining the smaller
decrease in the young is warranted. Finally, low socioeconomic status
remains an important risk factor for AMI incidence. Differences in
levels and rates of change in risk factors could make an important
contribution to continuing and perhaps increasing socioeconomic in-
equalities in CHD incidence. For example, larger increases in the prev-
alence of diabetes were observed in lower compared to higher
socioeconomic groups [30]. Future studies are needed to explain
age, gender and socioeconomic trends in CHD incidence and mortali-
ty in more detail.
4.3. Strengths and limitations
Strengths of this study include its large size, standardized meth-
odology, and the quality of being representative for a diverse nation-
wide population. We comprehensively described time trends,
uniquely differentiating between hospitalized fatal, hospitalized
non-fatal and out-of-hospital fatal ﬁrst AMI events. The large num-
ber of patients enabled analyses of the pattern of change over time
by consecutive year rather than assuming linear change over aggre-
gated periods. The use of registries provided identiﬁcation of both
in-hospital and out-of-hospital AMI events and accurate assessment
of population characteristics.
As with every other method of data collection, the use of routine
statistics also has its limitations. Firstly, our method relied on the
AMI diagnoses registered in the hospital and cause of death register.
However, the quality of the national Dutch registers has been previ-
ously investigated — the overall quality is high [36]. The validity of
ICD-codes was assessed, resulting in a sensitivity of 84% and a positive
predictive value of 97% for AMI codes [37]. Secondly, out-of-hospital
fatal AMI is speciﬁcally known to be prone to misclassiﬁcation, with
deaths incorrectly attributed to AMI as well as the reverse, deaths in-
correctly attributed to other causes of death. As there have been no
changes in registering causes of deaths during the study period it is
likely that misclassiﬁcation did not change over time, and therefore
did not affect our trend analyses. Thirdly, the Dutch hospital dis-
charge register was only available electronically from 1995, limiting
our time period to wash out reinfarctions to the three calendar
years prior to the year of incidence. About 12% of all AMI was a
reinfarction. By using three years for exclusion of reinfarctions we
could exclude 50% of these reinfarctions. This resulted in a small
overestimation of incidence which is expected to be roughly constant
over time and therefore not inﬂuencing our trend analyses. Fourthly,
from 2005 onwards, the participation of hospitals in registering
patient's discharges declined from 100% coverage before 2005 to
97%, 91% and 89% registration of hospital admissions in 2005, 2006,
and 2007, respectively. This could have resulted in a small
overestimation of out-of-hospital AMI at the expense of hospitalized
AMI in the years after 2005, given that a small proportion of patients
could not be linked to their hospital admissions any more.
5. Conclusions
Substantial improvements in incidence, out-of-hospital mortality
and hospitalized case-fatality after AMI have been observed in recent
years in the Netherlands. Fewer people suffer from a ﬁrst AMI, and of
those who do, fewer patients die within 28 days. Young and female
groups showed smaller improvements. Furthermore, socioeconomic
differences persisted and have not narrowed in the Netherlands. It
will be important to carefully monitor and manage cardiovascular
998 C. Koopman et al. / International Journal of Cardiology 168 (2013) 993–998risk factors levels in the population in order to ensure continued
decline in AMI incidence. To effectively reduce socioeconomic in-
equalities a better understanding of contributing factors is necessary.
It seems that primary and secondary prevention of AMI have been
successfully employed in recent years in the Netherlands. Primary
prevention is the ﬁrst line of defense and remains the key factor in
reducing CHD incidence and mortality, with potentially the greatest
beneﬁts to the entire population.
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